The present study conducted at the mangrove ecosystem of Kali estuary. Samples were collected from the three fixed stations for the period of thirteen months from January 2008 to January 2009 at regular monthly interval to identify and quantify the abundance, taxonomy and relative ratio of phytoplankton and zooplankton. In the present study of species diversity of zooplankton groups in the mangrove area, composed of twelve groups comprising fifty two species major share comes from the copepods which comprises about seventeen species. Protozoa taxa comprised by five species, coelenterata and cladocera by two species each, ctenophore comprised by single species whereas the larval forms comprised by fourteen species.
Introduction
Based on the earlier studies and usefulness of this mangrove ecosystem, the present study was undertaken in the mangrove habitats of Kali estuary. The importance of this ecosystem in escalating the productivity, harboring large faunal communities and highly rich fishing zone, so far no attempt has been made on the biotic community of this was undertaken. Keeping all these facts & figures in view, the present study was focused mainly on the zooplankton diversity of this ecosystem.
The Indian mangroves comprise approximately 59 species in 41 genera and 29 families. Of these, 34 species belonging to 25 genera and 21 families are present along the west coast. Thick belt of Rhizophora mucronata along the Goa and Karnataka coast exists in dominance. Zooplankton in Indian mangroves where found to consist mainly of copepods, in some seasons up to 95% (Kathiresan, 2000) . In the mangrove zooplankton of an estuary in Northeastern Australia the dominant group was also copepods, possibly indicating their importance as a food source for juvenile fishes (McKinnon & Klumpp, 1998) .
River Kali has vast area of Mangrove floral stretch distributed in more than 1200 acres on either banks of the river. Some of the important mangrove areas found in and around the Kali estuary are Sustainability, Agri, Food and Environmental Research 1(1): 8-20; 2013. ISSN: 0719-3726 Mavinahole creek, Kanasgiri, Sunkeri, Kadwad and Kinnar. Information on resource partitioning among fish species is useful in comprehending the fishery resources of the ecosystem. A fundamental knowledge on the resources of fish community is necessary for studies on fish interspecific inter actions and complexity in the water body and for further technology development on production of aquatic food.
Materials and methods
The River Kali originated in the Kusavali village in Supa taluka and after meandering about 185 km in the Sahyadri plateau and lastly joins the Arabian Sea at Karwar (14 o 50'21" N and 74 o 10'05"E). River Kali exhibits different type of biotopes such as estuary, backwater, fresh water and mangrove, grassland etc. Totally three study stations were selected and fixed in the mangrove ecosystem of Kali estuary, Karwar on West coast of India. The study stations are Mavinahole creek, Kanasgeri, Sunkeri. Samples were collected from the three fixed stations for the period of thirteen months from January 2008 to January 2009 at regular monthly interval. Samplings and analysis of sampling physicochemical were made as per the standard procedure (APHA, 2000) .
Samplings of zooplankton were carried out from the surface water, by towing the zooplankton net (mouth diameter 0.35 m) made up of bolting silk cloths (Mesh size 158 Fm), for half an hour from three stations located at mangrove ecosystem of Kali estuary (Fig.1) , during the present study period. The collected samples were preserved in 5% neutralized formalin for further analysis. The density was determined by numerical method using Sedgewick's counting chamber under the microscope. Various planktonic groups and their species were enumerated by examining 5-10% of the sub sample and the number of organisms computed per m 3 of water (Wickstead, 1965 : NIO Manual, 2000 . Zooplankton were identified using the standard works of Hustedt (1930 ), Venkataraman (1939 , Cupp (1943 ), Subrahmanyan (1946 ), Prescott (1954 , Desikachary (1959 and 1987) , Hendey (1964) , Steidinger and Williams (1970), Taylor (1976) , Anand et al. (1986) and Santhanam et al. (1987) , Davis (1955) , Kasturirangan (1963 ), Newell and Newell (1986 ), Deboyd Smith (1977 ), Wimpenny (1966 , Todd and Laverack (1991) and Perumal et al. (1998) . Bray Curtis similarity for species diversity for all species belonging to zooplankton was determined analytically by PRIMER-V5. Sustainability, Agri, Food and Environmental Research 1(1): 8-20; 2013. ISSN: 0719-3726 
Results and discussion
In the present study, various hydrographic parameters were studied to give a clear picture of the study site's environment to project the exact relationship exists between the hydrographic condition and the faunal community living in the mangrove ecosystem. The hydrographic results are (given in the Table 1 Table No1 . Dissolved oxygen did not showed vary much fluctuation between the months and the season. Dissolved oxygen concentration fluctuated between stations 1; 2 and 3: 2.91 to 4.33, 3.01 to 5.14, 3.14 to 6.47 respectively. The rich oxygenated condition prevailed in all the stations during the present study period (Table 1 ). The high oxygen content of station 3 (6.47 mg/l) suggests the lesser density of aerobic heterotrophics like microorganisms there in (Parsons et al., 1977) and rich growth of faunal community but the poor oxygenation of surface waters at station 1 (3.34 mg/l) denotes reduced sulphide containing zone underlying the oxidized layer of sediment surface (Fenchel, 1969, Fenchel and Riedl, 1970; Sudarshana, 1983 . The monthly fluctuation in hydrogen ion concentration of Kali estuary at different stations during different months were presented in table No.1. Hydrogen ion concentration did not vary much between the months and the season. Hydrogen ion (pH) concentration fluctuated between stations 1; 2 and 3: 6.90-8.38, 7.03-8.70, 7.00-8.00 respectively. In the present study, the pH values ranged from 6.90 to 8.45. According to Perkins (1976) , the range of pH of estuaries and coastal waters under normal and unpolluted conditions is between 6.7 and 9.25 respectively.
Diversity profile of zooplankton: In the present study of species diversity of zooplankton groups in the mangrove area, composed of twelve groups comprising fifty two species major share comes from the copepods which comprises about seventeen species. Protozoa taxa comprised by five species, coelenterata and cladocera by two species each, ctenophore comprised by single species whereas the larval forms comprised by fourteen species. The maximum number of genera were found at station 1 and 3 and mainly contributed by maximum genera from the copepods and larval forms. Based on the numerical abundance, it was found that among zooplankton groups represented in the study areas (mangrove ecosystem), the group larval forms, copepods and protozoans were the most dominant groups at station 1, 2 & 3.
Zooplankton reflect the ecological and environmental status and were calculated in terms of number of individuals / specimens (N), number of species (S), total abundance (A), Margalef species richness, (d'), Pielou's evenness (J'), Shannon index (H') at each sites (Clarke and Gorley, 2001). The species richness (d) showed considerable variation in months at station 2 (Kanasgeri), and in this station, the Margalef's species richness values varied between 3.389 and 6.632 in August and October months. The Shannon index values showed marked variation with respect to months and its value ranged from 1.121 to 2.782 in August and January'09 months respectively. The values of species evenness showed marked variation with months ranging from 0.344 (August) to 0.707 (January'09) ( Table 4 and 5).
The species richness (d) showed considerable variation in months at station 3 (Sunkeri). The values ranged from 2.540 to 5.915 in August and December months respectively. The Shannon index values varied between 1.455 and 2.076 in August and December (Table 6 & 7) . In continuation with this, the species evenness of zooplankton varied between 0.440 (April) and 0.588 (July) respectively.
The diversity is a measure of the degree of organization and efficiency with which materials space and time are used in a community (Payne, 1986) . Diversity studies form an important and basic aspect of community dynamics in aquatic ecosystems. Indices such as diversity, richness, evenness and dominance are useful tool in the critical appreciation of the distribution of populations with respect to space and time.
Similarity index of zooplankton: On the basis of Bray Curtis similarity index, this is applied for zooplankton species abundance at each study stations during the different months of the year. Overall percentile of similarity varied between 59.63 and 98.68. At study station 1, more than 95% similarity indices were noticed during August and September. June & November and January'08 & January'09; were grouped into two cluster registering more than 98% respectively. In rest of the months were dissimilar at this level (Table 3 and Table 5 and Figure 7 , which describes the similarity in zooplankaton community at study station 2 during months. Overall, the similarity values varied between 65.6 and 98.32%. More than 90% similarity was recorded during February & March; January'08 & January'09; June & December and July, August & October. But the maximum similarity of 97% has formed group of two cluster between, January'08 & Janauary'09 and July, August & October months. The second group of cluster was noticed during February & March respectively. In remaining months were dissimilar at this level (Table 5 and Figure 4 explain the similarity of density between the months. The overall values ranged from 76.87 to 99.45%. Maximum similarity of 99% was observed during June & October, which is followed by and 98% during August & September whereas the third group of cluster of 97% was noticed during in March & December months. At 0.01% stress, the cluster of groups is shown in the at study station 3.
Species composition and monthly abundance of copepods in relation to environmental variations were studied in mangrove ecosystem of Kali estuary. The study of zooplankton abundance and distribution in the mangrove ecosystem of Kali estuary revealed marked monthly and seasonal variations. The high abundance of zooplankton observed during the pre monsoon (April-May) and post monsoon seasons and thus bimodal distribution of zooplankton was observed. Two peaks of abundance were noticed the first one during April-May and the second one in OctoberDecember. Such a bimodal periodicity of zooplankton over an yearly cycle has been well documented by several workers (Anderson et al., 1955; Ayyappan and Gupta, 1980; Nair and Prabhoo, 1980; Saxena 1982 , Sharma 1983 Moza 1992 and Joseph, 1994 Table 7 and Figure 4 explain the similarity of density between the months. The overall values ranged from 76.87 to 99.45%. Maximum similarity of 99% was observed during June & October, which is followed by and 98% during August & September whereas the third group of cluster of 97% was noticed during in March & December months. At 0.01% stress, the cluster of groups is shown in the at study station 3.
